IN T R O D U C T IO N
Ladybirds are often seen as competitors of ants in the exploitation of aphids or as prey for insectivorous birds. Most aphidophagous ladybirds are brightly coloured, dis tasteful and emit droplets of haemolymph from their leg joints when molested. These droplets are bitter tasting, often has a strong smell, are toxic to birds (Marples et al., 1989) and repels ants (Pasteels et al., 1973) . It is therefore not surprising that a lot of attention has been paid to the chemical defences of these beetles. This line of research resulted in the discovery of defence allomones containing a single species-specific alkaloid (Pasteels et al., 1973; Ayr & Browne, 1977; Jones & Blum, 1983) or a speciesspecific blend of alkaloids . As it is the case with many other aposematic insects, the smell is due, at least in part, to 2-isopropyl-3-methoxy-pyrazine (Al Abassi et al., 1998; Dixon, 2000) . Until recently, these allomones were the only semiochemicals known from ladybirds beetles.
However, ants and birds are not the only enemies of ladybirds. An aphid population attracts several species of aphidophagous predators, although the frequency distri butions of species is strongly positively skewed with one to three species being dominant (Hemptinne, 1989 ; see examples in Hodek & Honek, 1996) . A ladybird larva is therefore highly likely to meet another ladybird of its own species or another aphid predator. Intraguild encounters probably constitute a major risk for ladybirds (Cottrell & Yeargan, 1998; Lucas, 1998; Lucas et al., 1998; Obrycki et al., 1998; Schellhorn & Andow, 1999; 2000) . Eggs and first instar larvae are particularly vulnerable to canni balism (Agarwala & Dixon, 1992; Majerus, 1994; Lucas et al., 1998; Schellhorn & Andow, 1999) and egg canni balism increases with the density of larvae, which is posi tively linked to the abundance of aphids (Mills, 1982) . Cannibalism and intraguild predation always appear to be asymmetrical with the larger individuals eating the smallest or immobile instars (Agarwala & Dixon, 1992; Rosenheim et al., 1995; Lucas et al., 1998) .
The choice of oviposition site is therefore a critical determinant of female fitness. An abundance of prey is not the sole criterion because it is often associated with a high level of egg cannibalism. In view of the risks faced by ladybird larvae, the choice should depend on cues that indicate the future availability of food for larvae and the risk of intraguild predation. Before laying an egg, aphido phagous hoverflies hover in front of an aphid colony. If winged aphids, are absent what is a sign that the colony is young and will last long enough to sustain larval develop ment, they deposit an egg (Kan, 1988a,b) . Apart from the cases of large Coccinellids there is no clear indication that vision intervenes in the foraging behaviour of ladybird females (Hodek & Honek, 1996) , therefore, these must rely on other sources of information.
Ladybird males probably have the same sensory limita tions as females. When searching aphid infested plants they possibly do not use their eyes to recognise potential mates. How then do they find a female ?
Our studies on mate recognition, cannibalism, intra guild predation and selection of oviposition sites by Adalia bipunctata (L.) and Coccinella septempunctata L. have revealed that several semiochemicals are involved. In this paper the substances that these beetles probably use as cues in defence, oviposition and sex are analysed and compared. It also addresses the question of whether ladybirds exploit their natural products with parsimonious versatility (Blum, 1996) .
The pattern of activity of male A. bipunctata is not determined by the abundance of prey contrary to females . Plants infested with aphids are just places where males seek for potential mates. On meeting a mature female, males of A. bipunctata react very quickly. In an interval of about 10 s, they climb onto the back of the female; extrude their genitalia, align them selves and attempt copulation. The proportion of males that palpate and mount males is not significantly different from that observed to behave this way when they encounter a female. However, the proportion that subse quently extrude their penis and mate is lower in homo sexual than heterosexual pairs. The behaviour of males is similar when they encounter a ladybird sized pellet of Blu Tak® bearing a fresh pair of female or male elytra ( Fig. 1) .
A Blu Tak® dummy with female elytra washed in chlo roform for 24 h do not elicit mating. A similar dummy bearing washed elytra that have been painted with the chloroform extract of two elytra again become attractive to males as unwashed elytra (Fig. 1) . Thus, the chloro form removes the chemicals that make elytra attractive to males.
A pair of elytra is covered by approximately 12 pg of a mixture of 44 alkanes of which 14 major compounds make 1% or more of the chloroform extract. The shorter molecules have 21 atoms of carbon and the longest 33 (Table 1) .
The alkanes are probably species specific because the response of two-spot males is weaker in the case of dum mies with fresh elytra of A. decempunctata . 
The larvae of some species of ladybird beetles feed exclusively on aphids. Females of A. bipunctata tend to lay their eggs over a short period of time early in the development of a colony of aphids, the "egg window" (Hemptinne et al., 1992; Dixon, 1997) . As a consequence their numerical reproductive response is only weakly, if correlated at all, with the abundance of prey. This repro ductive strategy is adaptive as prey abundance in a habitat fluctuates dramatically over a 5 to 6 week period and only ladybirds born early in the development of a patch of prey are likely to mature before the aphids disappear.
In selecting suitable patches of prey ovipositing females do not respond to cues associated with the age structure of the aphid colony, as has been reported for hoverflies (Kan, 1988a,b) , or the phenology of the host-plant (Hemptinne et al., 2000a) . They refrain from ovipositing in patches where there are few aphids (Dixon, 1959) and (2), a dum m y bearing two conspecific elytra o f a female (3) or a male (4), a dummy bearing the elytra o f a conspecific female that have been w ashed in chloroform (5) or a dummy bearing the elytra o f a conspecific female that have been w ashed in chloro form and on w hich the chloroform extract has been re-applied (6).
conspecific larvae are present (Hemptinne et al., 1992 (Hemptinne et al., , 1993 . Females do not need to encounter larvae but respond to an oviposition deterring pheromone present in the tracks of the larvae. This pheromone is soluble in chloroform and its deterrent effect is concentration dependent (Doumbia et al., 1998) . C. septempunctata and several species of lacewings behave similarly (Neuroptera: Chrysopidae). Larvae chemically mark the substrate with a substance secreted from the tip of their abdomen. This substance is soluble in chloroform and deters females from ovipositing (Rů Dicka, 1994 .
To identify the pheromone, late third instar larvae of A. bipunctata were isolated in 5 cm diameter Petri dishes and after moulting to the fourth instar, were fed an excess of pea aphids for 24 h. Each larva was then carefully placed in a glass tube where it remained without food for 24 h. Larvae treated in this way did not produce faeces or contaminate the tube by reflex bleeding as it is the case when larvae interact with one another. As the larvae were hungry they spent most of the time walking. After 24 h the larva was removed and the tube washed with chloro form. The chloroform extracts of 25 larvae were pooled, treated as a replicate and analysed by GC-MS (Gas chromatography-Mass Spectrometry) and GLC (Gas Liquid chromatography) ). In the above experimental conditions, a larval track consisted of 8 to 10 pg of material deposited in the glass tube. At least forty different components, mostly alkanes, were identified in the tracks. Seventeen molecules make up 1% or more of this extract ( Table 2 ). The principal constituent of the tracks of larvae is n-pentacosane (nC25) accounting for 15.1% (Hemptinne et al., in press ).
Both in terms of intraguild predation and cannibalism, the eating of eggs by ladybirds would appear to be advan tageous because it supplies a source of food and removes potential competitors. However, the larvae of A. bipunc tata and C. septempunctata, which may co-occur in the field (Smee, 1922; Banks, 1955 Banks, , 1956 Smith, 1966; Radwan & Lovei, 1982 Honěk, 1985; Hemptinne & Naisse, 1988; Hemptinne, 1989; Majerus, 1994; Barczak et al., 1996; Trouvé et al., 1996) , are reluctant to eat conspecific eggs painted with water extracts of whole eggs of the other species. Larvae of C. septempunctata are more likely to die after eating a few eggs of A. bipunctata than vice versa (Agarwala & Dixon, 1992) . The water extract of crushed whole eggs is however likely to contain the species specific alkaloids that are known to be present in ladybird eggs (Pasteels et al., 1973) . Some of these alkaloids are known to be toxic to vertebrates (Frazer & Rothschild, 1960; Marples et al., 1989) and therefore it does not seem unreasonable to assume they are responsible for the toxicity of ladybird eggs.
Although the eggs of ladybirds may be chemically defended, such defence would be of little value if the eggs are killed before their toxicity becomes apparent. Compounds: 1: nC 2i, 2: nC22, 3: Me nC22, 4: nC23, 5: M eC23, 6: di MeC23, 7: MeC24, 8: nC25, 9: MeC25, 10: MeC26, 11: nC27, 12: MeC27, 13: nC29, 14: MeC29, 15: diMeC29, 16: nC31, 17: MeC31, 18: M eC33, 19: diM eC33 Therefore, it would be advantageous for both predator and egg if the toxicity of the latter could be flagged in some way. This idea was tested by transferring a two day Table 3 . The num ber o f fourth instar larvae o f Adalia bipunctata and Coccinella septempunctata that ate eggs, and the num ber o f eggs eaten, w hen offered either eggs o f Adalia bipunctata that were unwashed, w ashed in n-hexane or washed in n-hexane and painted w ith the hexane extract. Kruskal-W allis test 24.63 (P = 0.000) nt: total num ber o f larvae; ne: num ber o f larvae eating eggs old fourth instar larvae of A. bipunctata, that had been starved for 3 h, to a batch of a minimum 10 conspecific eggs. The number of eggs crushed or eaten was recorded. There were 21 replicates, which lasted for 15 min from the time of first encounter with the batch of eggs. Fol lowing the same procedure, a fourth instar larva of A. bipunctata was offered either a batch of conspecific eggs washed in n-hexane or a batch of conspecific eggs previ ously washed in n-hexane and then painted with an hexane extract obtained from a corresponding number of eggs. Eggs were immersed in n-hexane for 2 min. The washed and painted eggs were dried for 30 min before being presented to the larvae. Fourth instar larvae of C. septempunctata were also offered similarly treated eggs of A. bipunctata. The numbers of replicates varied from 20 to 16 depending on the treatment. The fourth instar larvae of A. bipunctata ate numeri cally and proportionally significantly more washed than unwashed, or painted conspecific eggs. Fourth instar larvae of C. septempunctata were also reluctant to eat the eggs of A. bipunctata. Few of them consumed unwashed eggs or painted eggs. Significantly more washed eggs were eaten than unwashed or painted eggs (Table 3 ). It appears that the eggs of A. bipunctata are protected against both cannibalism and intraguild predation by C. septempunctata larvae by one or several n-hexane soluble substances on their surface (Hemptinne et al., 2000b) . To determine the nature of these n-hexane soluble molecules, eggs of A. bipunctata were collected daily and 50 of them placed in a small conical flask. They were washed for 2 min in 500 ql of n-hexane. The dry residue of this extract was dissolved in 100 ml of n-hexane. The extracts from 22 groups of 50 eggs were pooled and ana lysed as explained in Hemptinne et al., 2000b . To measure the quantity of each of the compounds present in the extracts a solution of 12.05 mg of n-dodecane/20 ml of hexane was used as an internal standard (Hemptinne et al., 2000b) .
The hexane extract of the surface of the eggs of A. bipunctata contains 87% of either linear hydrocarbons, heinecosane (C21), docosane (C22) and tricosane (C23) or branched hydrocarbons , 7-methyl-tricosane (7-Me-C23) and 9-methyl-tricosane (9-Me-C23). 7-Me-C23 and 9-Me-C respectively represent 28.6 and 50% of the extract (Table  4 ). There was on average 4.20 qg of hydrocarbon mate rial on the surface of 50 eggs of A. bipunctata (Hemptinne et al., 2000b) .
Following our studies, it appears that several vital func tions of the ladybird A. bipunctata are served by semiochemicals. In addition to a defensive allomone known since the works of Tursch et al. (1971) and Pasteels et al. (1973) and that protects all stages of development from predation, three substances containing several alkanes intervene in the recognition of potential mates, in the assessment of the quality of aphid colonies and in the pro tection of eggs against cannibalism and intraguild preda tion. The exact chemical nature of the molecules releasing these behaviours is still unknown and some volatile semiochemicals may have been lost in the isolation proce dure. However, the fact that ladybirds synthesise long chain hydrocarbons is interesting for two reasons. Firstly, the molecules of the larval track will spread easily on the hydrophobic cuticle of plant (Weier et al., 1974) and so leave a large signal. Secondly, saturated hydrocarbons are not quickly oxidised and are therefore stable, so are the signals delivered by larval tracks, egg shells or elytra. Our results and those of Liepert & Dettner (1996) indicate that alkanes probably play a key role in the ecology of insects forming food chains on plants. Therefore, it is reasonable to focus on the alkanes present in the substances obtained from larval tracks, ladybird elytra and chorion in order to find the biologically active compounds intervening in the recognition of mates, in the assessment of the quality of aphid colonies and in the protection of eggs. Blum (1985 Blum ( , 1996 insists that there are probably strong adaptation pressure for Arthropods to use the same semiochemicals for different purposes. The three sub stances obtained from A. bipunctata vary in the number and the relative importance of their alkanes. However, figure 2 shows that the extracts of egg surface, larval tracks and elytra have in common nC2i , nC23 and different MeC23, 7-MeC23 and 9-MeC23 being the most important. This chemical overlap suggests that ladybirds are parsi monious in their semiochemichals and that some ladybird alkanes deliver an information that is context dependent
